Pectic substances were extracted from the vegetables with oxalate buffer of pH4.25 and, after saponification, fractionated into two components, weakly acidic pectic polysaccharide (WAP)and pectic acid, by DEAE-cellulose and Sephadex G-100 chromatographies. The galacturonic acid content (17.3~25.8%) ofWAPswas muchlower than that of pectic acids, though the neutral sugar compositionsof both pectic substances werealmost the same. Thearabinose-galactose side chains were found to be very long or highly branched in WAPscompared with those in pectic acids. All the WAPswere appreciably hydrolyzed by exo-and endopolygalacturonases. The limiteddegradation products (the residual polysaccharides; i.e., the rhamnogalacturonan segments)
obtained by endopolygalacturonase from both WAPsand pectic acids showed a similar behavior on Sephadex G-100 and Sepharose CL-4B gel nitrations; each of the rhamnogalacturonan segments was eluted in the void volume of the Sephadex G-100 column. Fromthese results, we concluded that WAPsare probably an inherent pectic component of the cell walls of the vegetables.
Pectic substances of plant tissues comprise a group of acidic polysaccharides composed of galacturonic acid, arabinose, galactose, and other neutral sugars. Stoddart et al.l) reported that weakly acidic and strongly acidic pectinic acids were present in the pectic substances of the callus and the cambium tissues of sycamore, the former carrying large side chains of neutral sugars. Hatanaka and Ozawa2) also reported that the crude pectic acid preparations of mandarin peels and hemp basts contained a weakly acidic pectic polysaccharide (WAP)in addition to pectic acid; WAPwas eluted from a DEAE-cellulose column with acetate buffer of pH 6.0, but pectic acid was eluted with 0.1 m sodium hydroxide solution.
The galacturonic acid content of WAPsof mandarin peels and hempof basts was much lower than that of pectic acids.
At present, the structural relation between pectic acid and WAPare obscure. In this work, we compared the general chemical structures of WAPs from several vegetables with 2583 those of pectic acids from the same plant materials.
MATERIALS AND METHODS
Materials. DEAE-cellulose was a product of the Brown Co., Ltd. Sephadex G-100 and Sepharose CL-4B were obtained from Pharmacia Fine Chemicals, and ECNSS-M from Gasukuro Kogyo Co., Ltd. (Kyoto). Other chemicals, reagent grade, were purchased from Nakarai Chemicals (Kyoto).
Determination of sugars. Galacturonic acid was determined by the carbazole method, as modified by Bitter and Muir.3) Neutral sugars were determined by the gas chromatographic methodof Kusakabeet al.4): samples were hydrolyzed in 0.2n sulfuric acid at 120°C for 60min and, after cooling, /?-methylglucoside was added as an internal standard. The hydrolyzates were neutralized with barium carbonate and, after removing the precipitates formed by filtering, deionized with Amberlite IR 120. The neutral sugars obtained were converted into alditol acetates by the usual methods. The chromatographic conditions were as follows: column, 3% ECNSS-M 3x 1500mm glass column; column temperature, 180°C; carrier gas, N2, 30 ml/min; detector, FID. The content of neutral sugar was expressed as moles of the sugar per 100mol of galacturonic acid residue in the sample. Separation of the degradation products. The foregoing reaction mixtures were passed through a columnof Amberlite CG-120 (2x 3cm, H+ form) and then the column was washed with water. The passed solution and washings were combined and concentrated, followed by gel filtration with Sephadex G-100 in a manner similar to that described in Fractionation of pectic substances.
RESULTS AND DISCUSSION
Fractionation of pectic substances by DEAEcellulose chromatography and gel filtration All the pectic samples prepared from Japanese radish roots and leaves, and cabbage leaves were separated by DEAE-cellulose chromatography into two components, acetate buffer and sodium hydroxide fractions. Figure   1 shows typical profiles of the pectic samples from Japanese radish roots. For the pectic substances extracted at 75°C, the yield of the acetate buffer fraction from radish roots was 4.8 mg in the amount ofgalacturonic acid per g of the tissue on a dry weight basis. Those for radish leaves and cabbage were 7.7 and 4.8 mg, respectively. Similarly the yields of the sodium hydroxide fraction (pectic acid) were 144.2 mg for radish roots, 106.3mg for radish leaves, and 84.9mg for cabbage.
Whenthe acetate buffer fractions were chromatographed on a Sephadex G-100 column, each of them was separated further into high and low molecular weight fractions (data not shown). The high molecular weight component was designated weakly acidic pectic polysaccharide (WAP)because of its low content of galacturonate, 14.9~25.8 as mole percent (Table I) ; WAP-25 and WAP-75 represent those from the pectic samples extracted at 25°C and 75°C, respectively. The content of WAP-75,in the amount of galacturonic acid, of the acetate buffer fraction was estimated to be 50.6% for radish roots, 71.6% for radish leaves, and 60.8% for cabbage. These values corresponded to 1.6, 4.8, and 3.3% of the total galacturonic acid in the original pectic samples from radish roots, leaves, and cabbage, respectively. With the pectic substances extract- RAD-R, radish roots; RAD-L,radish leaves; CAB-L, cabbage leaves. The pectic acids were prepared from the pectic samples extracted at 75°C. +, trace; ND, not detected. The values of neutral sugars were expressed as moles per 100 mol of galacturonic acid residue and those of galacturonic acid expressed as molar per cent.
ed at 25°C, their total yields much decreased, but the relative content of WAP-25in the samples increased four to five times compared with that ofWAP-75, viz., the yields ofWAP-25 in the amount of galacturonic acid were estimated to be 8. the galacturonic acid content of WAPswas about one fourth that of the pectic acids. The kind of neutral sugar ofWAPs was almost the same as that of the pectic acids.
Pectic substances commonly have two distinct backbones, galacturonan and rhamnogalacturonan,8~12) also segments called ' smooth ' and 'hairy' regions.13 '14) In the latter the a-l,4-linked galacturonan chain is interrupted by the insertion of L-rhamnose residues, to which neutral sugar side chains are attached blockwise.
Enzymic degradation of WAPsandpectic acids
All the WAPswere appreciably hydrolyzed by exo-and endo-PGs. By gel filtration using a Sephadex G-100 column, the degradation products of both WAPs and pectic acids were separated into two fractions of high and low molecular weight (Fig. 2) ; the high molecular weight componentscorrespond to the rhamnogalacturonan segments of parental molecules. Table II shows the distribution of galacturonide in the two fractions. Although the extent of the degradation of WAPsby endo-PG was much lower than that of the pectic acids, the results indicate that like pectic acids they have certain homogalacturonan regions in the molecules. From the susceptibility of WAPsto the action of exo-PG, it is very probable that a part of the homogalacturonan regions is attached to the non-reducing end, probably also to the reducing end, of the molecule.
Comparison of the size of pectic acids, WAPs, and their rhamnogalacturonansegments As shown in Fig. 2 and Table II , most of the degradation products of WAPsby endo-PG Hand L represent respectively the high and low molecular weight fractions of the degradation products on Sephadex G-100 gel filtrations. The values were expressed as the percentage of total galacturonic acid residues in the degradation products. For other details see Table I and were eluted in the void volume of the Sephadex G-100 column, the exclusion limit of Sephadex G-100 being 1 x 105 D for dextrans and 1.5x 105 D for globular proteins. Accordingly the endo-PG limit-products (the rhamnogalacturonan segments) should have very high molecular weights. These results strongly indicate the presence of a large 'hairy' region in the molecule of WAPs irrespective of their origin. Probably the same is true in the pectic acids because their limit-products by endo-PG also appeared in the void volume (Fig. 2) . Furthermore, comparison of the size ofWAPs, pectic acids, and their rhamnogalacturonan segments by Sepharose CL-4B gel filtration gave additional evidence to support the presence of a large 'hairy' region in both WAP and pectic acid molecules (Fig. 3) . As shown in Table I 
